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This presentation reviews recent progress in knowledge of (i) molecular 
biology and immunology of allergens and (ii) the methods for the modulation 
of allergen-specific immune response, with special emphasis on our grass 
pollen allergens, particularly Puop IX AL, used as a model. The last few years 
have seen tremendous progress in molecular characterization of allergens, 
leading to synthesis of a number of recombinant allergens. Furthermore, 
studies of the structure-activity relationship of allergens have led to the 
delineation of the epitopes of these allergens and of widespread 
cross-reactivities among diverse allergens. In view of the requirement for 
extensive pre-clinical studies, the application of the recombinant allergens and 
epitopes in the clinical realm has just begun. Studies in murine systems 
suggest that these allergens and/or their epitopic peptides downregulate 
allergen-specific immune responses de novo. The potential and drawbacks 
of the recombinant allergens and peptides for improving the existing 
immunotherapeutic approaches and for developing new approaches to 
specific immunotherapy are discussed. 

Since its introduction in the early 1900s, allergen 
injection immunotherapy (AIIT) has been the “holy 
grail” of clinical allergology and has been practiced 
as the one and only immunologically specific therapy 
against allergic rhinitis and asthma. AIIT involves 
repeated injections of the appropriate allergen (AL) 
or allergens over prolonged periods. Although the 
molecular and cellular mechanism of AIIT is not 
fully understood, the effectiveness of this therapy in 
the hands of expert allergists has been demonstrated 
(5,40). As currently practiced, AIIT, in addition to 
being cumbersome, expensive and associated with 
the risk of fatal side reactions, including systematic 
anaphylaxis, often leads to no improvement of the 
patient’s condition. This lack of predictable efficacy 
is due to the fact that the available commercial 
preparations consist of heterogeneous (crude) ex- 
tracts of the corresponding pollen(s) and may con- 
tain the relevant ALs in only minute and irrepro- 
ducible amounts, leading up to 100-fold variation in 
allergenic potency. Also the extracts often contain 
constituents unrelated to the few ALs, to which the 
patient is actually allergic; clearly the former com- 

S. Mohapatra, Y. Cao, H. Ni, D. Salo 
Department of Immunology, 
University of Manitoba, Winnipeg, 
Manitoba. Canada 

Key words: immunotherapy; recombinant 
allergen; peptide immunotherapy; TCR peptide 

Shyam S. Mohapatra 
Department of Immunology, 
University of Manitoba, 
Winnipeg, Manitoba, 
Canada R3T 2N2 

ponents may lead to the induction of immunoglob- 
ulin E (IgE) antibodies (ABs) with new specificities 
(15). The main drawbacks that limit the efficacy and 
use of AIIT are (i)most importantly, the lack of 
sufficient amounts of pure and standardized prepa- 
rations of ALs and ($lack of knowledge of the 
precise structural relationships among the ALs. To 
circumvent these limitations, recently several labo- 
ratories have employed recombinant DNA (rDNA) 
procedures for the molecular characterization of 
major ALs of mites, hornets and pollens of trees, 
grasses and weeds, etc. (27,28). Indeed, the last five 
years have seen spectacular advances in the field of 
AL characterization: the advent of the recombinant 
allergens (rALs), in particular, has played a signifi- 
cant role in furthering our knowledge of the structure- 
function relationships of ALs and understanding of 
the AL-induced IgE-mediated allergies. In this re- 
port we review the recent advantages in the field of 
molecular biology of allergens and how this may aid 
in renovating the currently practiced AIIT, with spe- 
cial emphasis on progress from our laboratory on 
recombinant grass pollen allergens. 
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Immunobiology of the allergic response: a 
bird’s eye view 
T cells and T cell cytokines play a pivotal role on the 
induction and persistence of IgE Abs and influence 
immune response at the level of recognition of the 
ALs (43). Antigen-presenting cells (APC) process 
the incoming ALs to their constituent peptidic frag- 
ments and then present these to T cell receptors 
(TCR) in the context of an appropriate molecule of 
major histocompatibility complex (MHC). The 
“specificity” of the humoral immune response to ALs 
(as all other antigens) is governed by the trimolecular 
(MHC-peptide-TCR) interaction, which constitutes 
the very first step in the initiation of immune re- 
sponse (8). However, engagement of TCR alone is 
not sufficient to generate Ab response; it requires a 
second co-stimulatory signal provided by the inter- 
action of B7 molecule on a professional APC and 
CD28 on the T cells (16,20). Moreover, mere en- 
gagement of TCR in the absence of a second signal 
leads to the T cell anergy (17). 

Activated T cells produce “help” for IgE synthe- 
sis by releasing lymphokines interleukin 4 (IL-4). Of 
late, a large body of evidence in both humans and 
animal systems suggests a preponderance of type 2 
helper T (Th2) cell responses in allergc disorders 
(35,43). Th2 cells produce cytokines such as IL-4, 
IL-5, IL-10, as opposed to the “protective” Thl type 
of cells which produce IL-2 and interferon y (IFN- 
y ). The ratio of the major IgE-switch factor IL-4 and 
its regulator IFN-y determines the level of IgE syn- 
thesis; these two cytokines also mediate the differ- 
entiation of Th2 and Thl subsets, respectively. It 
should be possible to exploit the reciprocal regula- 
tion of Thl and Th2 to develop methods for sup- 
pression of IgE AB production; however, cytokines 
per se may be inadequate, since their therapeutic 
effects are not specific and not always predictable, as 
(i) IL-4 is also released by mast cells and basophil- 
like cells and CD8 + or CD4 - CD8 - T cells (43,45); 
and (ii) IL-4 activity is affected by the local milieu of 
soluble receptors and other cytokines such as IL- 10, 
IL-12 and IL-13, which are also involved in Thl- 
Th2 regulation (13,43). 

Molecular biology and immunology of 
allergens 
Molecular cloning and sequencing of allergens 

Molecular cloning of ALs has led to the determina- 
tion of the primary structure of numerous ALs. To 
date, a majority of the allergens have been cloned in 
the phage expression vectors hgt 11. A list of aller- 
gens that have been molecularly cloned and se- 
quenced using this strategy has been published re- 
cently (27,28). Thus, about 50 of the major allergens 

have been cloned; this number has tripled since 1992, 
and 5 to 10 new allergenic proteins are being added 
to this list every year. In addition to the cloned al- 
lergens, a number of other allergens have been re- 
ported (27), and presumably the cloning of these 
allergens is currently in progress. 

In grass pollens, in particular, two major groups 
of proteins with sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) 
molecular weights in the range of 28-33 and 35- 
37 kDa have been reported that were cloned and 
characterized (28,29,36,39). Previously, research in 
this laboratory led to the (i) determination of the 
primary structures of the 3 full-length types of 
complementary DNA (cDNA), i.e., KBG3 1, KBG60 
and KBG41, encoding the Poa oIX group of ALs 
with molecular weights in the range of 28-33 kDa, 
(ii) cloning in Escherichia coli of a number of over- 
lapping cDNAs in expression vectors, pWR590 (45) 
and pGEX-2T-1 (37) series of plasmids, which al- 
lowed synthesis in milligram amounts of correspod- 
ing rALs, and (iii) immunologic studies of these rALs 
vis-ci-vis native ALs utilizing sera of grass pollen al- 
lergic patients, which revealed that (a) Pa0 PIX group 
of ALs comprises at least 5 basic components (1 5) ,  
(b) about 51 04 of 11 12 individual sera from 15 dif- 
ferent countries obtained as a result of an interna- 
tional collaborative study of allergic patients reacted 
with recombinant KBG8.3, (c) a strong positive cor- 
relation ( r  = 0.90) was observed between the levels of 
IgE antibodies reacting with .rAL and with the na- 
tive proteins extracted from KBG pollen ( 5 5 )  and 
(d) the pollens of 10 other grasses were shown to 
contain ALs homologous to Pa0 PIX, as indicated 
by their reactivity with anti-rKBG8.3 Abs (56). 

More recently, a partial cDNa clone, 51, which 
reacted with sera of patients allergic to grass pollen, 
was characterized (23). Nucleotide sequence analy- 
sis of clone 51 indicates that the polypeptide en- 
coded by this cDNA is different from that of the 
known recombinant grass pollen ALs. Using the 
murine antiserum to this rAL, produced with the aid 
of the pGEX-2T-1 expression system (37), a pre- 
dominant polypeptide of about 58 kDa in size was 
detectable in SDS-PAGE immunoblot analysis of 
KBG pollen proteins (Fig. 1). Most importantly, 
(i) the reactivity of this antiserum, with a number of 
polypeptides, which ranged in size from 30 to 
115 kDa, from pollen extracts of several grasses, 
birch, ragweed and parietaria, and (ii) the reverse 
transcription hybridization, polymerase chain reac- 
tion (RT-PCR) products from various pollens with 
radiolabeled 5 1-cDNA, demonstrated the cross- 
reactivity (CR) of this AL with other pollen ALs. 
An a1 y si s by enzyme-linked immunosorbent assay 
(ELISA) using sera of about 1000 individuals aller- 
gic to pollens demonstrated that about 40% of these 

38 



In pursuit of the “holy grail” 

Analysis of B- and T-cell epitopes 

Utilizing overlapping peptides produced by recom- 
binant DNA methods, i.e., by expression cloning of 
overlapping cDNAs and the synthesis of the corre- 
sponding peptides in E. coli, and overlapping pep- 
tides chemically synthesized by automated methods 
or by the manual methods such as, using the polypro- 
pylene pins, the B cell epitopes for the PaopIX al- 
lergen were examined (58). The results to date re- 
vealed that Pa0 PIX ALs contain multiple epitopes 
(Fig. 2). A number of these epitopes coincide with 
the human IgE binding epitopes. Nevertheless, such 
peptides permit the detection of linear epitopes and 
not of the conformational epitopes. The T-cell 
epitopes of this allergen were also examined by T-cell 
proliferation assay using peripheral blood monocytes 
(PBMC) and/or T-cell lines and clones. From the 
schematic diagram shown in Fig. 1, it is concluded 
that these grass allergens have a number of epitopes 
and that the B-and T-cell epitopes appeared to over- 
lap. Moreover, the epitopes recognized by individu- 
als differed. 

Knowledge of the B- and T-cell epitopes is man- 
datory for the formulation of any therapeutic mo- 
dality(ies) based on epitopes. Therefore, similar to 
that of the Poa PIX ALs, the availability of structural 
information has prompted studies on delineation of 
B (3, 14, 42,48) and T-cell epitopes (1 1, 18, 19, 47) 
of a number of other major ALs of mites, cat and 
pollens of trees, ragweed and grasses etc., utilizing 
both human and model animal systems. However, 
determination of the complete repertoire of epitopes 
of diverse environmental aeroallergens remains one 
of the most arduous and formidable tasks. Particu- 
larly since several of the major high-molecular weight 
(> 5-kDa) allergens contain multiple epitopes, and 
the epitopes recognized by different individuals may 
vary. 

Fig. 1. Top. Expression cloning of CRAL 51 cDNA. The cDNA 
insert was ligated to the pGEX 2T-1 vector and transformed into 
E. coli. The transformants were screened for the production of 
recombinant fusion protein. Bottom. An antiserum raised against 
this fusion protein reacted predominantly with a 58-kDa polypep- 
tide on Western blot of KBG pollen extract. 

sera possessed IgE Abs specific to KBG extract and 
about 40% of these sera possessed antibodies spe- 
cific to recombinant KBG51 protein. On the basis 
of these findings, it is inferred that the cloned AL 
represents a member of family of high cross-reactive 
ALs in plant pollens. 

Synthesis of rALs 

The major goal of cloning allergens is to produce the 
recombinant proteins in unlimited amounts for use 
in basic as well as clinical studies. To date, only a 
few of these allergens have been cloned in plasmid 
vectors for high-level expression in E.  coli, which 
allow synthesis of the allergenic protein either (i) as 
a fusion protein, i.e., linked to p-galactosidase (46) 
or gluthathione S-transferase (37), or (ii) as rALs by 
itself utilizing vectors such as pKK233 series of ex- 
pression plasmids (6). Recently, both yeast (9) and 
baculovirus (49) expression systems have been uti- 
lized for the synthesis of certain rALs. Recent stud- 
ies in our laboratory have shown that the baculov- 
irus expression system provides a more efficient 
expression system not only in terms of the amount 
of rAL produced but also IgE binding of these rAL 
(data not shown); the latter is presumably due to 
glycosylation of the recombinant proteins, which al- 
lows appropriate folding similar to that of the native 
protein. 

One of the concerns with the synthesis of rALs is 
whether the rAL in question is functionally compa- 
rable to its native counterpart from the correspond- 
ing source. Several of the rALs have been shown to 
react with IgE antibodies specific for their native 
counterparts (21, 55). Further exploitation of yeast 
and baculovirus expression systems is expected to 
lead to the production of the rALs that, when pro- 
duced in E. coli, do not bind IgE efficiently. Produc- 
tion of these rALs in virtually unlimited quantities is 
expected to lead to the availability of standardized 
allergens (30) for improved diagnosis (38,50) and 
therapy of specific allergies. 

MAPPING OF EPITOPES OF rKBG60 ALLERGEN USING OVERLAPPING PERIDES 

Fig. 2. Schematic diagram showing epitopes of rKBG60 allergen 
using a set of overlapping peptides. The peptides recognized by 
the human IgE antibodies and human PBMC, T-cell l i e s  and 
clones are shown. The approximate locations and amino acid 
sequences of the peptides are shadowed. 
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Availability of rALs and the knowledge of their 
primary structures and B- and T-cell epitopes led to 
the elucidation of cross-reactivities among different 
allergens, because of obvious implications in therapy 
and diagnosis. Cross-reactivities have been studied 
both at the B- and T-cell level not only among al- 
lergens belonging to the same aeroallergen source 
but also among different aeroallergens (4,28,3 1,32). 
In principle, the same methods as outlined previ- 
ously for the identification of B- and T-cell reactiv- 
ities have been used for the delineation of cross- 
reactivities among allergens and epitopes. Sequence 
homology among various allergens and their epitopes 
appears to be a principal reason for the extensive 
cross-reactivities observed among allergens. In ad- 
dition, a method for the analysis of structural motifs 
within and among diverse groups of aeroallergens 
was recently suggested as an approach to identify 
the major IgE-binding motifs on allergens (32). How- 
ever, whether the motifs predicted by this method 
would stand functional scrutiny remains to be elu- 
cidated. 

Allergen-specific immunotherapy: fact or 
fancy? 
As stated previously, all of the presently available 
therapies have the common disadvantage of utilizing 
ill-defined allergenic extracts(s), although some pu- 
rified allergens have been used in experimental stud- 
ies and have been found to be effective. Aqueous and 
formaldehyde-polymerized components of allergenic 
extracts and allergenic components adsorbed onto 
calcium phosphate or aluminum hydroxide are being 
used for the currently practiced AIIT. In addition, 
the efficacies of some other forms of immunotherapy, 
involving injection of allergenic extracts sublingually, 

Fig. 3. Potential application of recombinant allergens and 
epitopes. The allergen-based therapies may involve conventional 
inmunotherapy as well as therapy with modified allergens; pep- 
tide(s) constituting the minimal T cell epitopes of the allergens 
per se or the peptides derived from their corresponding T cell 
receptors. The boxed text show the examples of some possible 
approaches. 

orally or as encapsulated ingredients of liposomes, 
are being texted in clinical trials. However, since the 
rALs have only synthesized relatively recently, they 
have not yet been utilized for clinical studies. These 
products have to undergo rigorous testing by the 
regulatory agencies prior to their approval for such 
studies. A number of approaches that may be po- 
tentially useful for the application of the RAs for 
therapeutic purposes are schematically shown in 
Fig. 3. These methods include both allergen- and 
epitope (peptide)-based methods. 

Therapy with recombinant allergens 

The advent of rALs makes it possible to identify the 
unique protein(s) to which the individual is sensi- 
tized; hence, it may be envisioned that future im- 
munotherapy will be based on the use of selective 
allergen(s). To examine the efficacy of allergen- 
specific immunotherapy, we exploited a murine 
model of allergy developed specifically for the Poa p -  
IX rALs. Thus, groups of B6D3F1 mice were pre- 
treated i.v. with soluble rKBG8.3 AL and the im- 
munized with the same AL in alum; the specific 
IgE Ab production was examined. The rKBG8.3 
specific IgE Ab titers were reduced (>90”) in 
treated mice as opposed to that of control mice, 
suggesting that pretreatment induced AL-specific 
tolerance (data not shown). The tolerance lasted for 
a period of about 85 days (as long as was examined). 
Immunization with KBG extract of mice pretreated 
with RA led to marginal decline in IgE titers, but the 
IgG2a titers were increased. These results suggest 
the potential of RA for specific immunotherapy of 
allergic conditions. 

However, in case of humans, because of the pu- 
rity of rAL preparations, their anaphylactogenic 
index may be extremely high even at very low doses, 
and extreme care may be required when they are 
administered by allergy specialists. Moreover, 
enteric-coated (53) or liposome-packed (2) rALs 
may also be useful for immunotherapy. 

Therapy with r-allergoids 

In addition to use of aqueous RAs, it may be envis- 
aged that a major improvement in allergen-specific 
immunotherapy may be achieved by the utilization 
of chemically modified rALs, which should render 
these regmens essentially non-allergenic, while re- 
taining the antigenicity. Thus, approaches involving 
allergoids produced by formaldehyde polymerization 
(24) of rALs, the “r-allergoids”, appear to be prom- 
ising for immunotherapy. Also pegylation of rALs by 
monomethoxypolyethylene glycol (1 0) or conjuga- 
tion with N-formyl-methionyl-leucyl-phenylalanine 
(54) may lead to therapeutic derivatives of these al- 
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lergens. On the basis of these, it is reasonable to 
predict that, in contrast to conventional immuno- 
therapy, the use of relatively fewer injections of these 
modified rALs would lead to safer and more effica- 
cious therapies. 

Novel approaches to specific therapies 

Several experimental approaches to therapy have 
been reported recently. One such approach involved 
treatment of allergic rhinitis and asthma with 
allergen-antibody complexes (25). The second ap- 
proach may comprise injection of rALs in conjunc- 
tion with adjuvants other than alum, which not only 
enhance the immune responsiveness but may also 
divert the responses toward a Thl type, as shown in 
our recent studies with the rKBG8.3 AL linked to 
another antigen p-galactosidase (Fig. 4) (57). The 
third possible approach has emerged from our recent 
in vitro studies, in collaboraton with S.  Romagnani‘s 
laboratory, utilizing human T cell clones. It was thus 
shown that the culture of T cell lines from atopic 
individuals with one RA of PoapIX family of aller- 
gens and IFN-a led to the development of “protec- 
tive”, i.e., Thl  cells instead of the “pathogenic”, i.e., 
Th2 cells. More recently, IL-12 has been reported to 
act as adjuvant leading to preferential induction of 
Thl type of respose (1). Thus, administration of 
rALs in conjunction with cytokines may aid in di- 
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Fig. 4 .  Modulation of AL-specific IgE antibody production treat- 
ment with RAAC protein and CFA as adjuvant. Three groups of 
mice used in this study were immunized on day 1, 21, 42, 63 and 
84 (marked by arrowheads) with appropriate antigen and adju- 
vant as follows. First group (control) immunized with RAAC 
protein with dextran sulphate (DS) as adjuvant. The second group 
were immunized with rKBG8.3 with CFA as adjuvant on day 1 
and 21 and DS as adjuvant on day 42,63. The third group were 
immunized with RAAC protein with CFA as adjuvant on day 1 
and 21 and DS as adjuvant 42, 63 and 84. The IgE antibody ti- 
ters were determined in pooled sera on day 28, 49, 70 and 91 by 
PCA assay (adapted from Zhang & Mohapatra, J Immunol 1993; 
151: 791). 

verging alergen-specific immune responses from IgE 
to IgG formation. 

Peptide-based therapies: will they really 
work? 
Advances of our knowledge of cellular and molecu- 
lar factors determining IgE-mediated allergies, in 
conjunction with the definition of increasing num- 
bers of epitopes of allergens, provide a sound basis 
for the development of new approaches for therapy 
of allergies using peptide epitopes. Since T cells play 
a dominant role in IgE synthesis, a number of strat- 
egies have been proposed that are directed at aner- 
gizing these cells and/or at interfering with the for- 
mation of trimolecular complexes involving the 
interaction of the MHC-peptide duplex with the ap- 
propriate Th cell receptor (27). Whether treatment 
with peptides would be a feasible alternative to ex- 
isting immunotherapy remains to be elucidated. A 
brief overview and a critical appraisal for the poten- 
tial of treatment of allergic disorders with peptides 
is provided below. 

Treatment with allergen-peptides and peptoids 

A strategy for modulating immune responses in- 
volved treatment with the peptidic fragments of the 
desired allergens produced by proteinase digestion, 
as was shown with ragweed allergen Amb a I (22, 
26). Although the precise mechanism underlying this 
approach is not known, the treatment reduced clini- 
cal sympton scores and was considered to be suc- 
cessful, the study involved only a few individuals 
and was incomplete. A number of studies have also 
addressed the use of defined minimal T-cells pep- 
tides for treatment of allergies since: (i) TCR-peptide 
ligation plays a critical role in differentiation of T 
cells to Thl  or Th2 type (12), and it is possible to 
manipulate this interaction in favor of the desired 
(protective) response; and (ii) the AL-peptides may 
enable induction of peripheral T-cell tolerance as 
has been achieved recently in experimental animal 
by injection with T-cell peptides of major cat aller- 
gen Fel d I (7). 

In similar studies, in our laboratory, we examined 
the effect of peptide treatment on subsequent IgE 
antibody production. Thus, mice were treated with 
peptides and later immunized with the allergen rK- 
BG8.3 (Fig. 5).  The IgE titers examined on day 14 
and day 30 demonstrated that the titers of mice 
treated with either of the selected peptides # 23 and 
#26 were reduced in comparison with that of the 
control. Moreover, the T cells of mice that had been 
treated with T-cell epitopic peptides were found to 
possess a lower proliferative capacity with respect to 
the epitopes used for pre-incubation; however, the 
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Pro toco l  : 

P C  B P P C  B 

PCA TITERS 

Primary Secondary 

C 1123 H26 C U23 1126 

8.3 80 nil nil 1280 640 320 

KBG 40 nil nil 640 320 320 

Fig. 5 .  Suppression of IgE immune responses by T cell of Poap- 
IX allergen, rKBG8.3. Upper panel: an outline of the protocol; 
groups of four mice each were treated with either the peptide (P) 
(300 pglniice) or PBS (control) and subsequently immunized with 
rKBG8.3 ( C ) .  The mice were bled (B) for antibody assay on days 
shown. Lower panel: The PCA titers of mice treated with peptides 
and PBS are shown. Either rKGB8.3 or KBG was used as the 
challenge antigen. 

proliferative capacity of these T cells to unrelated 
epitopes of the corresponding RA was only slightly 
reduced (Mohapatra, unpublished results). These 
studies clearly demonstrate the potential of peptide 
treatment in downregulation of IgE antibody re- 
sponses. Nevertheless, given that some of the major 
allergens, particularly pollen allergens, contain a 
number of T cell epitopes and that allergc individu- 
als differ with respect to their recognition of these 
epitopes, the success of this approach in presensi- 
tized individuals is difficult to predict at this time. 

It is noteworthy that peptides used for treatment 
may be modified with respect to their structure on 
the basis of the knowledge of the core residues in- 
volved in interactions with TCR. In principle, cer- 
tain structural analogs of these peptides that do not 
cause cross-linking, i.e., devoid of B-cell binding ac- 
tivity and that engage the TCR but do not stimulate 
or, if then stimulate, do not lead to IL-4 production, 
may be found (12). Furthermore, the “peptoids”, 
i.e., peptides with appropriate chemical modifica- 
tion, may lead to induction of antigen-specific toler- 
ance. Obviously, all approaches targeted via tri- 
molecular interaction are MHC-restricted and will 
only be effective if there is considerable immunodom- 
inance for the antigen in question. 

Treatment with TCR peptides of 
AL-specific T cells 
As stated above, TCR plays a pivotal role in antigen 
recognition. A number of studies in autoimmunity 
have revealed that the TCR gene usage is restricted, 
which led to the formulation of the TCR peptide- 

based antigen-specific therapy ( 5  1). To date, TCR V 
gene analysis has been performed only for the dust 
mite and grass AL-specific T cell clones (32,52). 
The results of mite studies indicate a limited usage 
of TCR Vp genes, i.e., Vp3 or Vp6, which recognize 
the main mite allergens, DerpI; similarly, a limited 
usage of V r  genes was demonstrated in T-cell clones 
specific for grass ALs. In addition, analysis of TCRs 
in a complex leishmaniasis also reveals the expan- 
sion of a TCR-restricted population of T cells (40). 
It is noteworthy that in all1 of these studies immun- 
odominance (34) with respect to TCR gene usage 
was observed. These studies have led to formulation 
of peptide immunotherapy approach involving TCR 
peptides. The advantage of these peptides is that 
they are not related or may not share the structure 
of the allergen; therefore, they may not induce any 
adverse reactions. 

To this end, in a recent study, downregulation of 
specific antibody responses to egg allergen, ovalbu- 
min (OVA), was achieved in mice by treatment with 
synthetic peptides corresponding to the CDR3 re- 
gion(s) of the r and p chains of T-cell receptors 
(TCR) of cloned OVA-specific CD8 + regulatory 
cells (33). Thus, pretreatment of mice with these 
peptides led to persistent downregulation 
(> 200 days) of the potential of these mice to pro- 
duce anti-OVA IgG1 and IgE antibodies. More im- 
portantly, established OVA-specific antibody pro- 
duction was markedly reduced following peptide 
treatment. The injection of these TCR peptide(s) led 
to the induction of CD4 + T cells, which regulated 
the immune response in an antigen-specific manner. 
These findings demonstrate the potential of treat- 
ment with TCR peptides of antigen-specific regula- 
tory CD8’ T cells for the downregulation of un- 
wanted antibody responses. The mechanism 
underlying this phenomenon remains to be eluci- 
dated. 

Concluding remarks 
Despite the progress in knowledge of molecular im- 
munologic properties of allergens, the application of 
this knowledge in the clinical arena is at infancy. 
However, synthesis of certain major recombinant 
allergens by fermentation and allied technologies, as 
reported recently, is anticipated to expedite the use 
of these allergens for therapeutic studies. Further- 
more, the knowledge of epitopes of ALs has ad- 
vanced to a point whereby some of these epitopes 
are in clinical trial. At present, one can only be 
optimistic about the application of these recent ad- 
vances toward either revival of the existing immuno- 
therapy or developing certain new immunotherapeu- 
tic procedures based on the rational immunologic 
principles. Taking into acocunt the complexity of 
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allergic conditions, it is naive to expect that one form 
of AL-specific immunotherapy would be effective in 
treatment of allergies. For certain allergies (such as 
ragweed or grass?), protocols would involve a bat- 
tery of ALs to target the polyclonal populations of 
T cells, thereby increasing the likelihood of success- 
ful treatment. Also, it is more likely that different 
forms of this type of immunotherapy used in concert 
or with other therapeutic agents may prove to be 
generally effective, particularly in chronic allergic 
conditions. As we continue to learn in greater detail 
the mechanisms involved in establishment of aller- 
gic conditions, we may be able to devise additional 
and more effective protocols for treatment. 
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